Induction and Suppression of Lactation in Animals
In considering the endocrine control of lactation two distinct phases must be recognized: (1) milk secretion, the synthesis of the milk constituents within the alveolar cells and their excretion into the lumen of the alveolusa process regulated by anterior pituitary hormones; (2) milk ejection, the transfer of the secreted milk held in the alveoli into the large ducts and gland sinuses or cisterns where it is readily obtainable by the suckling or milkera process which is dependenton oxytocin released from the posterior pituitary. This latter process, milk ejection, is brought about by a neuroendocrine reflex, normally initiated by tactile stimulation of the teat or nipple, which results in oxytocin being released into the circulation. When the oxytocin reaches the mammary gland it causes contraction of the myoepithelial cells surrounding the alveoli, thus ejecting the stored milk and transferring it along the ducts into the sinuses or cisterns. This rapid transfer of stored milk, which suddenly fills up and distends the sinuses or cisterns and was for long mistakenly regarded as a phase of intense milk secretion, is generally termed the 'let-down' in the ruminant and the 'draught' in women. The milk-ejection reflex may become conditioned and be triggered off by the sight, sound or smell of the young, or in the modern dairy cow by the sight or sound of the milking machine! The reflex can be readily inhibited by discomfort, stress or pain. Its proper functioning is necessary in most species for efficient emptying of the gland and this in turn is essential for the maintenance of milk secretion; repeated failure of the reflex leads to rapid suppression of milk secretion. For thousands of years primitive peoples have used several stratagems to ensure the proper operation of the reflex when milking their animals (Amoroso & Jewell 1963) . The recognition of the 'draught' in women also has a long history (Folley 1969) .
Milk secretion is controlled by a complex of hormones from the anterior pituitary. The other hormones making up the complex vary with the species but prolactin is almost always required (Cowie & Tindal 1971) . The existence of prolactin in primates was in doubt for some years but this hormone has now been isolated from human pituitary tissue and is released in response to suckling (Forsyth & Edwards 1972) .
It is widely believed that secretory activity in the mammary gland during pregnancy is inhibited by a direct action of the ovarian (and placental) steroids which prevent the mammary epithelium responding to the pituitary and placental lactogenic hormones. There is now evidence in the rat that initiation of milk secretion is triggered off by a fall in the level of blood progesterone some 30 h before parturition. In ruminants, however, secretory activity is present in the udder by midpregnancy, i.e. long before the level of progesterone falls. Further comparative studies are required on the nature of the hormonal mechanisms concerned in the initiation of lactation (for references see Cowie & Tindal 1971).
Lactation may be induced in non-pregnant, non-parturient animals by the repeated and chronic application of the suckling or milking stimulus, a response effected through the release of mammotrophic hormones from the anterior pituitary and which is abolished if the pituitary stalk is transected (Cowie & Tindal 1971) . Induction of lactation in women by such procedures has also been reported (Cowie & Tindal 1971 , Cohen 1971 , Mobbs & Babbage 1971 . In ruminants the response can be enhanced by combining the milking stimulus with a course of cestrogen or cestrogen-progesterone injections to facilitate mammary growth (Cowie & Tindal 1971) .
Milk yields can be increased in cows by hormone therapy (e.g. growth hormone, thyroid hormones); there is, however, little evidence that prolactin is effective, suggesting that in ruminants prolactin levels are seldom deficient. There are reports that injections of human growth hormone may be beneficial in hypogalactia in women (Lyons et al. 1968) ; human prolactin has yet to be tried. Recent observations that the hypothalamic thyrotrophin-releasing hormone increases the blood level of prolactin as well as that of thyroxine in man (Forsyth & Edwards 1972) suggest that it may have a role in the treatment of those hypogalactias associated with hypothalamic malfunction.
Milk secretion inhibits itself when milk removal ceases, the accumulation of milk within the alveoli causing pressure atrophy of the epithelium. In some species ovarian hormones can depress and even inhibit milk secretion despite the continuation of suckling (Cowie & Tindal 1971). (Estrogen alone or in combination with progestogens has long been used to suppress unwanted lactation in women but new methods are being sought. The hypothalamic prolactin-inhibiting factor has yet to be isolated. Certain ergot alkaloids, e.g. 2-Br-a-ergocryptine, have been shown to inhibit prolactin release and to suppress lactation; L-dopa will also lower prolactin levels (Besser & Edwards 1972 
Reflex Pathways Controlling Lactation
The lactating mammary gland is regulated by control mechanisms embodying the 'supply-anddemand' principle. When the young begin a suckling episode, or the teat cups of a milking machine are applied to the teats, the physical stimulation of the rich innervation at the base of the teat or nipple triggers nerve impulses which are transmitted up the spinal cord to the brain. Within the brain, the impulses activate two separate mechanisms in the hypothalamus. The first is the release mechanism for oxytocin, stored in the posterior lobe of the pituitary gland, and the second is the release mechanism for prolactin, and probably other trophic hormones, from the anterior lobe of the pituitary gland, which involves hypothalamic releasing hormones and the pituitary portal blood system. Oxytocin contracts the myoepithelial cells of the mammary gland which causes the milk already present in the gland to be forced towards the nipple or teat and makes the milk available, therefore, on demand. The prolactin, and in some species additional trophic hormones, act on the secretory cells of the gland to ensure that secretion continues and that milk will be available at the next suckling or milking. Because this process of hormone release is so important for successful lactation, the ascending neural pathways activated by the suckling stimulus have been determined in the brain by electrical stimulation and surgical techniques and by monitoring release of hormones into the blood, with the object of gaining insight into the hypothalamic release mechanisms and the factors which affect them. Studies on the oxytocin-release pathway have been carried out in the guinea-pig, rabbit and goat, where the ascending pathway in the midbrain was found to lie in the far-lateral tegmentum, in association with the spinothalamic system of fibres (Tindal et al. 1967 , 1968 , 1969 , Knaggs et al. 1972 . Neuroanatomical and neurophysiological aspects of this system of fibres in relation to the neuroendocrinology of lactation have been reviewed by Tindal (1967) and Tindal & Knaggs (1970a) . Recent studies in the guinea-pig have shown that the ascending pathway divides into two pathways when it reaches the diencephalon. These relay with other fibre systems which ascend to more rostral parts of the brain. One is the dorsal longitudinal fasciculus which takes the periventricular route to the hypothalamus and the other is the medial forebrain bundle, lying in the subthalamus and, further rostrally, in the farlateral hypothalamus. Both pathways reunite in the lateral hypothalamus, pass forward, and then collaterals of the medial forebrain bundle pass to the extreme lateral tips of the paraventricular nuclei, from which the neurosecretory axons sweep down to the pituitary stalk and neurohypophysis (Tindal & Knaggs 1971 , Knaggs et al. 1971 ).
An ascending pathway for prolactin release in the brain stem of the rabbit has also been traced from the spinothalamic system of fibres in the lateral tegmentum of the midbrain to the medial forebrain bundle in the lateral hypothalamus (Tindal & Knaggs 1969) . The pathway continues rostrally to the preoptic area and apparently terminates there. In addition, a pathway has also been traced from the orbitofrontal region of neocortex caudally to the preoptic area (Tindal & Knaggs 1970b , 1972 . The apparent termination of these pathways in the preoptic area, assessed by
